The formation of more than one antibiotic substance by a single antagonistic organism has been definitely established. Penicillium notatum, for example, has been shown to produce penicillin and notatin; and Aspergillus flavus, aspergillic acid and flavicin. The ability of different micro6rganisms to produce the same, or a closely related, antibiotic substance has also been demonstrated, as illustrated by the fact that penicillin and flavicin, two of the substances just mentioned as being produced by two distinctly different micro6rganisms, are similar, if not identical, chemically as well as biologically. Another and even more striking illustration is offered, in this connection, by Aspergillusfumigatus. This organism has now been shown to produce four distinctly different antibiotic substances, two of which are closely related chemically.
3SEIMAN A. WAKSMAN AND WAILTON B. GEIGER panying fraction accounted for the sulfur and nitrogen present in the fumigacin. The gliotoxin fraction was also found to be largely responsible for the toxicity of the fumigacin. When the fumigacin was freed from the accompanying gliotoxin it contained no nitrogen and was given the tentative formula of C32H08; it was also much less toxic than the fumigacin prepared by Waksman, Homing and Spencer (1943) . Unaware of these findings, Chain, Florey, Jennings, and Williams (1943) isolated from A. fumigatus a crystalline preparation, designated as helvolic acid, that is apparently identical with the fumigacin from which the gliotoxin fraction has been removed, as shown by chemical and biological, as well as by in vivo activity.
The following results are presented in order to confirm and extend the findings of Menzel, Wintersteiner, and Hoogerheide (1944) and to establish the relation between the formation of fumigacin and the other antibiotic substances by A. fumigatus.
EXPERIMENTAL
In the survey made by on the distribution of antibiotic properties among fungi, it was reported that 15 different strains of A. fumigatus were isolated. These cultures varied greatly in their antibiotic activity and in the amount of fumigacin produced. One culture, No. 84, was largely used in these investigations.
The method of extraction of fumigacin from the medium was found to have a considerable influence upon the purity of the fumigacin obtained and upon the amount of gliotoxin accompanying it. When the medium is treated by the WHS method (Waksman, Horning, and Spencer, 1943) , namely, adsorption on norit, followed by extraction with chloroform, or ether followed by chloroform, only E, limited amount of gliotoxin is found admixed with the fumigacin. However, where the two substances are extracted directly from the medium, using the MWH method (Menzel, Wintersteiner, and Hoogerheide, 1944) These results show that the fumigacin prepared by the WHS method contains about 20 per cent of a gliotoxin fraction and about 80 per cent of purified fumigacin. The gliotoxin fraction had little antibacterial action, which was apparently lost during the chemical treatment, this compound being highly labile. Virtually all the activity was found in the purified fumigacin.
In order to isolate the various antibiotic substances, A. fumigatus was grown upon a Czapek-Dox tap water medium for 7 days at 28°C. The culture filtrate was divided into two lots; each was treated by the two different methods and the several antibiotic substances were isolated (table 1) . When the medium was extracted directly (MWH method), nearly five times as much gliotoxin was produced as fumigacin. The WHS method gave the same yield of fumigacin but a much lower yield of gliotoxin. The difference in the relative yields of the two antibiotic substances by the WHS method, as shown by the results in the above summary and in table 1, is no doubt due to the fact that the earlier lot of fumigacin was recrystallized several times, which tended to reduce or destroy the gliotoxin fraction ( fig. 1) .
Based upon the results of Oxford and Raistrick (1942) and of Menzel, Wintersteiner, and Hoogerheide (1944) , the chemical properties of the four antibiotic substances produced by A. fumigatus are summarized in table 2. In view of the fact that spinulosin is a derivative of fumigatin and is produced only by certain strains of A. fumigatus and especially since it is only a weak antibiotic agent, it can be left out of further consideration. The other three antibiotic Robinson (1943) must now be considered in a new light, namely in terms of purified fumigacin, freed from the gliotoxin fraction. Whereas earlier reports indicated that 4 mg of fumigacin injected into 20 gm weight mice by the intraperitoneal method showed evidence of toxicity, the purified fumigacin was tolerated by mice even in concentrations of 16 mg/20 gm. These results are in full conformity with those reported by Menzel, Wintersteiner and Hoogerheide (1944) and by Chain, Florey, Jennings and Williams (1943) .
SUMMARY
Aspergillus fumigatus represents a type of antagonistic organism that produces several antibiotic substances. These differ in their chemical nature and in the range of their antibacterial action, or their antibiotic spectra. Of the three substances produced by this organism, namely, fumigatin (another compound, spinulosin, is chemically related to fumigatin and is produced only by certain strains of this organism), fumigacin and gliotoxin, the first is the least active; fumigacin is more active, and gliotoxin is the most active. Gliotoxin also acts upon a greater number of bacteria than fumigacin, including various gram-negative bacteria. Gliotoxin is more toxic to animals than fumigacin. A compound recently described by British investigators as helvolic acid is apparently the same as fumigacin.
Of the three compounds produced by A. fumigatus, fumigacin, because of its lower toxicity to animals and its in vivo activity, offers the greatest promise as a chemotherapeutic agent. It is far less active, however, than penicillin.
